A coupled ocean-atmosphere data assimilation procedure yields improved forecasts of El Niho for the 1980s compared with previous forecasting procedures. As in earlier forecasts with the same model, no oceanic data were used, and only wind information was assimilated. The improvement is attributed to the explicit consideration of air-sea interaction in the initialization. These results suggest that El Niho is more predictable than previously estimated, but that predictability may vary on decadal or longer time scales. This procedure also eliminates the well-known spring barrier to El Nino prediction, which implies that it may not be intrinsic to the real climate system.
92,15019 (1987). 23 . In the troposphere, the abundance of methane is not expected to decrease with increasing pressure. Therefore, a temperature profile retrieved from occultation data assuming no methane in the atmosphere minimizes the temperature gradient at any given altitude. calculated the lower bound of the filled areas in Fig. 2 under this assumption, using refractivities provided by F. M. Flasar and P. J. Schinder (personal communication) and from (10) . In order to estimate an upper bound, assumed an abundance of methane of 60 times the solar value in the interior, and a corresponding relative humidity of -0.7 in Uranus and -0. 15 (2, (5) (6) (7) (8) . The socalled "spring barrier" ("autumn barrier" in the Southern Hemisphere) has been taken as an intrinsic feature of the climate system because, in addition to being common to all forecast models, it appears in auto-correlations of observational indices of ENSO (9 (2, 7) .
One possible limitation on many of the forecast systems is the initialization procedure (1, 2) . Errors in initial conditions are a result of inaccuracies in the observations and deficiencies in the models using the observations. These errors may be reduced by empirically truncating an empirical orthogonal function representation of the data, retaining large-scale, low-frequency signals and discarding small-scale, high-frequency variability or noise (2, 5, (11) (12) (13) (1 -a)Tm, where T. is the observed anomalous wind stress and at a function of latitude. In all of our experiments, (x had its minimum value, a, at the most equatorial grid points (1PN and loS), increased in increments of 0.1 per grid point (each 20 of latitude) up to the latitude where it attained the value b, and was held at b thereafter. The optimal values for a and b were found to be 0.25 and 0.55, respectively. The reason for choosing this particular form for at and the model sensitivity to the nudging parameters a and b is discussed below. When oa = 1 everywhere, the original CZ initialization scheme was recovered. Our procedure here trusts the coupled model to hindcast the essential interannual variability of the ocean-atmosphere system if merely nudged toward reality with the use of the observed wind stress. The model winds are given more weight in the equatorial region and less weight in the higher latitudes.
In the standard hindcasts (we refer to the results from the original and the revised procedures as "standard" and "new," respectively), the Florida State University wind field (17) was used to initialize the ocean model. For both the standard and new cases, the wind stress showed large interannual oscillations, but the latter is much less noisy (Fig.  1A) . The impact of this difference is evident in equatorial thermocline depth anomalies (Fig. 11B) , a measure of the anomalous upper ocean heat content. The energetic high-frequency fluctuations evident in the original procedure were largely eliminated in the new one. Although the oceanic component alone generated high-frequency fluctuations when forced by the observed wind stress anomalies, the coupled model preferentially selected the low-frequency, interannual variability. The new initialization also resulted (7) . In the standard case, skill was strongly dependent on season (Fig. 4) . The spring barrier was difficult to pass, especially when it was confronted more than 9 months into the forecast. In the new case, there was a gradual and uniform falloff of skill with lead time and only a slight seasonal variation. Spring was no longer a serious barrier. The slight seasonality that does show up is consistent with the annual cycle of the signalto-noise ratio in observational data, which has a minimum in spring (13) . That (19) (Fig. 5) . As expected, the standard and new cases are different in predictability. In the standard case, the initial rms error (the start point of each curve) increased rapidly with the number of months of initial separation n, which indicates rapid error growth with lead time. When n is small, the separation grows fast and monotonically; when n is large, the separation first tends to decrease and then increase rapidly. This is consistent with previous findings (5 Generally, the nudging parameter oa should be a function of time and space, dependent on the error characteristics of both observed and model-produced wind stress anomalies. As a first step, we have made a latitude-dependent with smaller values toward the equator because the wind anomalies produced by this model are more reliable near the equator than elsewhere (6) . To minimize data noise and data-model incompatibility, we put more weight on the model winds as long as they are not too unrealistic. Thus, the choice of this particular form for ao is a trade-off between the impact of noisy data and drifting away from reality. Numerous retrospective forecast experiments were performed to find the optimal values for parameters a and b, which determine the size and latitude-dependence of (x. Such a procedure clearly presents the problems of artificial forecast skill. We addressed this by considering two independent periods for forecast evaluation, one from 1972 to 1985 and the other from 1986 to 1992. The year 1986 represents the beginning of the period that actual real-time forecasts have been made with the CZ standard model. Here, we used the period from 1972 to 1985 to derive empirically the optimal choice of a and the period from 1986 to 1992 as an indication of the skill that could have been obtained in true forecast mode. It is clear that there is a wide range of nudging parameters that score higher than the standard scheme (a = b = 1), but the optimal choice for the period from 1972 to 1985 is the values a = 0.25 and b = 0.55 (Table 1) . If we had made these tests in 1986, these are the values that we would have chosen. Thus, the subsequent forecasts made for the period from 1986 to 1992 can be considered free of artificial skill. The results for this period are superior by an even wider margin ( Table 1) .
The experimental ENSO forecasts made by the CZ model are improved without additional observational data for model initialization. The key is a simple procedure to generate self-consistent initial conditions using the coupled model and observed wind stress anomalies. In essence, the coupled model itself is used to dynamically filter the initial conditions for the forecast. There are a number of implications. First, the performance of a coupled ENSO forecast model depends crucially on initialization; a good initial state for this model is one that contains principally the low-frequency signal relevant to ENSO. Second, the predictability of ENSO in a coupled model is likely to be affected by high-frequency fluctuations forced by the initialization procedure. Careful attention to this issue will likely be important for coupled models at all levels of complexity. Third, the seemingly inevitable spring barrier in ENSO prediction is largely eliminated by improving initial conditions. This suggests that the spring barrier is not intrinsic to the tropical Pacific climate system and may be overcome without invoking the Asian monsoon or other processes outside the tropical Pacific Ocean.
Our forecasts here are not without shortcomings. For instance, they do a poor job of distinguishing the amplitude of different ENSO extremes (Fig. 2) . Though the gradual warming from 1988 to 1992 is well 
